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With the unbundling of power generation, transmission and distribution system, the likelihood 
of congestion in the transmission lines is greatly increased. Deregulated market need to 
develop a competitive electricity system that must determine prices that equate the demand 
and supply. Almost all system variables obtained from load flow solutions are utilized as an 
input to the neural network. There are several approaches to managing and preventing the 
occurrence of congestion in a deregulated power system. The usage of Neural Network as one 
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1.1     Background of Study 
 
Nowadays we receive power supply to work our electrical devices, and we know that power 
generated from generators should be transmitted through transmission lines to the end of user. 
 
1.1.1 Regulated Power Systems 
 
Regulated power transmission systems it is known as distribution method until the end of user. 
This system was monopolized by specific parties only. This is why only one electric utility 
company monitored by the government. This means that companies produce electric energy but 
everything is under the control of government. 
 
1.1.2 Deregulated Power Systems 
End users or transmission line service provider can only choose the supplier as in a deregulated 
transmission system due to monopolized system. Power systems’ deregulation is very promising 
in terms of economic considerations. It is strongly believed that deregulation is economically 
beneficial to transmission service providers, generator companies and end users as well. 
Although deregulation is believed to be economically beneficial, there are many aspects and 
points to be emphasized on while using a deregulated power system. 
 
1.1.3 Congestion in Deregulated Power Systems 
 
      Common parameters such as geographical factors and transmission losses will have to be 
reconsidered when transmitting power from the respective power generation companies. This 
is because in deregulated power distribution system, transmission service providers are 




1.2 Problem Statement 
The main problem that that the regulated power system has is the existence of monopoly by 
companies that control the generation, transmission and distribution systems. In the deregulated 
power system, it is important to accurately and rapidly quantify the available transfer capability 
(ATC) of the transmission system. The transmission grid is the only practicable means for 




1.3.1 To understand the principles and concepts related to the deregulated power system 
 
The basic idea of this kind of power system is to have more than one company or body 
at the generation (wholesale) and distribution (retail) [5] level. Our main objective in 
coming out with this new proposed way is to provide more options or alternatives for 
ends users to choose. As we implement this method the end users will have chance to 
choose the best or most convenient method by depending on their needs. : The basic 
idea of this kind of power system is to have more than one company or body at the 
generation (wholesale) and distribution (retail) level. 
 
1.3.2   To identify methods to manage congestion in deregulated power system 
These days several methods have been introduced to help manage congestion which arises along 
the transmission lines. It is hardly to have any one universal solution for each and every power 









1.3.3 Modeling FACTS Devices Method for Congestion Management 
In the deregulated electricity system, electricity concept always changes from one service to a 
commodity. Currently, FACTS devices are divided into three main groups, current injection, and 
voltage injection in series and the combination of first and second group. 













Fig 1 Models of a type (a) (b) and (c) FACTS devices. 
After studying and understanding FACTS devices method, It was determined that this method is 
a better choice for my project. In order to justify this statement, one important concept is 
modeled on a system. 
1.3.4 TYPES OF FACTS DEVICES 
Nowadays, FACTS devices are playing important role in the power systems, because they can 
provide flexible transmission operation and also affect to the revenue of producers and 
customers. Among them the voltage control and voltage improvement, reliability improvement 
and network control. 
 
1.3.5 Thyristor-controlled series compensator (TCSC) 
 
A capacitive reactance compensator which consists of a series capacitor bank shunted by a 
thyristor-controlled reactor in order to provide a smoothly variable series capacitive reactance. 
TCSCs vary the electrical length of the compensated transmission line with little delay. This 





Fig 2 Basic diagram of TCSC 
The operating modes of a TCSC are characterized by the so-called boost factor 
KB =XTCSC/XC 
 
1.3.6 Static Var compensator (SVC) 
Nowadays FACTS devices are playing important role in power systems. 
 
Qsvc =Vi (Vi-Vr) / Xsl. 
In this figure you can see a schematic diagram of a static var compensator. The compensator 
itself includes a thyristor controlled reactor (TCR), thyristor- switched capacitors (TSCs) and 
also harmonic filters.The harmonic filters itself are capacitive at fundamental frequency. 
The TCR is bigger than TCS blocks; it means that continues control is realized. The transmission 





Fig 3 Schematic diagram of an SVC. 
 
1.3.7 Thyristor-controlled phase angle regulator (TCPAR) 
The TCPAR is also called a thyristor controlled phase shifting transformer (TCPST) and is defined 
by IEEE as a phase-shifting transformer adjusted by thyristor switches to provide a rapidly 
variable phase angle. The TCPAR controls power flow through a transmission line by regulating 
the effective phase angle between the two buses of the line. TCPARS can help eliminate loop 
flows. The TCPAR apart from the steady state voltage and power flow control can also be used 









1.3.8 Static Compensator (STATCOM) 
 
The STATCOM consists of one VSC and its associated shunt-connected transformer. It is the 
static counterpart of the rotating synchronous condenser but it generates or absorbs reactive 
power at a faster rate because no moving parts are involved. Basically, it performs the same 












Fig 7 Shunt- solid stage voltage source 
 
 





With the reference to the equivalent circuit shown in fig 2, the following admittance equation 











Scope of Project 
1.4. 1 To understand the principle of Regulated Power transmission System Method 
Before to recommend this method, we have to be clear with system itself. After we understand, 
then we can identify effectively the issues and setback of practicing regulation system with 
deregulation. Only in this way we can determine the suitability of replacing the regulated power 
system based on concrete reasons 
1.4.2 To understand the principle of Deregulated Power transmission System method 
         To promote the competition at the whole sale and retail of power system and distribution 
we can proposed deregulated as the main alternatives butit’s important and necessary to 
understand and identify the complications which might arise from the implementation of 




1.4.3 Congestion management – Challenges of a deregulated Power System 
Buyers of electricity are given the opportunity to choose their preferred supply generation 
location within one of the benefits of a deregulated power system. The buyers choose the source 
for generation companies which offer the lower rates and transmit the electricity all the way to 
the location despite the greater distance until the user end. But we know many customers of sales 
would cause overload in the transmission system known as congestion management [5]. This is 
why this proves to be the biggest challenges of power system. 
 
1.4.4STATCOM Method and its factors for the consideration 
To successfully implement STATCOM Method, we have to identify and understand all factors 
which need to be taken for consideration. One of these factors could cause great losses to the 
generator companies and the system itself. In spite of that the effectiveness of the STATCOM 
Method to reduce congestion would be considerably reduced. 
1.4 Feasibility of the Project 
      The reason this project is implemented is not only to explore the benefits and complications 
of deregulated power system implementation. On a long term basis, I believe that all countries 
will eventually have to move into the era of deregulated power systems. Therefore, at the end 
of this project, it is hoped that the complications associated with deregulation, namely 
congestion, an effective and feasible solution would have been achieved enabling congestion to 
be kept at a minimal. On the whole, this project would benefit all where deregulation is 
implemented or to be implemented as one of the main challenges of deregulation would have 
been addressed. 
 
1.5 The Relevancy of the Project 
           This project will focus on the topic of Congestion Management in Deregulated power 
system. There are several main challenges to be taken into serious consideration. And 
management of congestion at transmission lines plays a major influence on the trade of 
electricity. Many approaches have been proposed to help manage congestion system and these 





                                                           LITERATURE REVIEW 
2.1 Regulated Power System 
Electric utility is often related to power system whereby electricity is supplied through this huge 
and widely distributed system. The system itself comprises of many components which are 
mainly the generators, transmission lines, distribution lines, transformers, regulators and 
capacitors, and breakers. 
 
 
          Figure8: Vertically integrated utility diagram 
As stated before,in a regulated power system, the process of generation, transmission and 
distribution is normally governed by a single electric utility company. Nevertheless, upon the 
sales of energy for consumption by end users, the cost recovery and profit will be obtained as 











CONSUMPTION DISTRIBUTIOON TRANSMISSION GENERATION 
Revenue from the 










2.1.1Characteristics of a Regulated Power System 
          Before, when the power system was implemented in the early stages of power 
generation, transmission and distribution, there were several unique characteristics The 
government has the right to dictate many aspects of operation and production of power utility 
companies. 
These characteristics are shown below [5] 
a. Monopoly franchise 
b. Obligation to serve 
c. Guaranteed rate of return 
d. Operating and business practices 
e. Least-cost operation 
 
2.1.2 Justifications for the Implementation of a Regulated Power System 
         Nevertheless, despite the numerous mandatory regulations and policies by the 
government, there were several original needs to practice regulation in such a manner.  
        This is a fact that was agreed by both side, government and utility company, despite the 
disagreements they might have on the implementation of it. 
The reasons which make regulation a requirement are shown below [5] 
a. Legitimized the electric utility business 
b. Provided utilities recognition and limited support from local government 
c. Guaranteed a return investment 







2.1.3 Deregulated Power Systems 








Figure 10: General Operations of a Regulated Power System Electric Utility 
General and one the important differentiating characteristics of a deregulated power system is 
the unbundling of Generation, Transmission and distribution to form individual components. 
This is why unbundling, it is possible for multiple generators to be in operation and also for 
multiple retailers. After this the components of generation, transmission and distribution will 
not be need to be managed by one single utility company. 
More clearly view of the deregulated structure which allows multiple generation companies 
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Figure 11: Multiple generation Companies and sharing one common transmission line and  
distributed by multiple retailers   
 
Unlike regulated power system the deregulated power system would open up more 
competition amongst supply companies. The rate will be no longer regulated or controlled to 
be constant, but dependent on the rate charged by Power Supply Company based on their 
respective incurred costs. 
2.1.4Congestion in a Deregulated Power System 
Congestion actually occurs in both regulated and deregulated power systems [5] and it is 
defined to be some sort of an overload in the system especially at the transmission line [4], In 
other words the occurrence of congestion in the power system, it will be difficult to distribute 
the contracted power transactions to the buyer. 
In this figure you can see scenario that shows a deregulated power system, with more than one 
supplier of generator supplying power to the multiple retailers. The retailers then would 
distribute to end of the users. These kinds of suppliers required to supply a different amount of 






 SUPPLY                               LOAD 
Figure 12: Representation of transmission constraints of 3 retailers with their respective 
suppliers across a transmission line 
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2.1.5 Transmission Impedance 
      Transmission lines are common carrier for electricity regardless where the initial source is 
transmitted from. Nevertheless, it helps to transport electricity on behalf of the utilities 
themselves. To be sure that there is no any specific party taking advantage of the situation, it is 





















       CHAPTER 3 METHODOLOGY 
 
3.1Research Methodology 
Based on research that have been done and literature review, the one useful method to be 
used to manage congestion is STATCOM method. Nevertheless, it was finally decided that the 
application of the STATCOM method to improve the efficiency of transmission lines and 
managing and preventing congestion from occurring, was the best method to be taken. 
 
3.2Project Activities 















                      Study of Regulated and deregulated Transmission Systems 
               Comparison of Regulated and Deregulated Transmission Systems 
                        Identifying Congestion as a consequence of Deregulation 
                                     Identifying method to overcome Congestion 
                                 Selecting STATCOM Method to manage Congestion 
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3.3Key Milestone Achieved and Gantt Chart 
Through the project, the following are the key milestones which were achieved. 
1. Identify an effective approach to manage congestion which is STATCOM. 
2. Identify the essential and important components to be considered when performing 
STATCOM. 
3. Modeling and calculating Optimal Power Flow analysis on selected bus system. 
4. Modeling and Calculating STATCOM on selected bus system. 
3.4Tools 
In order to accomplish this project, certain tools are essential. These tools comprises of a number 
of software applications. 
3.4.1 Software 





























7 8 9 10 11 12 13 14 
1 
Selection of Project Topic:  
Analyzing the effect of polarization in imaging 
                            
2 
Preliminary Research Work: Research on literatures 
related to the topic 
                            
3 Submission of Proposal Extended       
   
 
                
4 
Project Work:  
Study on the research scope and method 
                            
6 Submission of Progress Report               
 
            
4 Presentation of Proposal Defense               
 
            
8 
Project work continues: Further investigation by getting 
the images samples of the skylight and human skin. 
                            





CHAPTER 4 RESULTS AND DISCUSSION 
 
4.1Discussion 
4.1.1Deregulation versus Regulation 
Based on the research for both regulated and deregulated power systems, it can be 
observed that deregulation is much more beneficial to end users in the long run. It 
is true that there are several complications which would arise from the 
implementation of deregulation. Nevertheless, with proper planning and 
implementation of improvements on the system, it is possible to effectively manage 
these complications especially congestion in transmission lines. 
 
4.1.2Managing Congestions in Transmission Grids 
As stated before, the implementation of deregulation would cause numerous new 
kinds of complications to arise. The introduction of ‘unbundling’ concept to enable 
multiple power suppliers to transmit electrical power over the transmission and 
distribution lines is one of the major contributors of congestions. With ‘unbundling’, 
the likelihood of congestion occurring is dramatically increased. This is especially 
based on the face that buy and sell transactions occurs before the actual 
transmission is done. 
Therefore, to counter this effect, it is important that measures are taken to manage 
congestion effectively. Among the methods which can be used to manage 
congestion are as listed below. 
1. Calculation Approach 
2. Power Flow Analysis Approach 







Results show here have been obtained with assistance of Matlab version 7.6Analysis             
was performed for a selected 24 bus systems. 
This data was taken from the IEEE Reliability Test System-1996 for my Progress report to 
compare these results and result with STATCOM. 
Assume that the STATCOM is operating in voltage control mode. This means that the 
STATCOM absorbs proper amount of reactive power from the power system to keep |Vk| 
constant for all power system loading within reasonable range. The ohmic loss of the 
STATCOM is accounted by considering the real part of Ystat in power flow calculations. The 
net active/reactive power injection at Bus k including the local load, before addition of the 
STATCM, is shown by Pk+jQk. 





























Bus Bus Voltage Angle Load Load Gen Gen Gen Gen Injected 
No Code magnitude Degree MW MVar MW MVar Qmin Qmax MVar 
1 1 1,025 0 51 41 0 0 0 0 4 
2 2 1,02 0 22 15 79 0 40 250 0 
3 2 1,025 0 64 50 20 0 40 150 0 
4 2 1,05 0 25 10 100 0 40 80 2 
5 2 1,045 0 50 30 300 0 40 160 5 
6 0 1 0 76 29 0 0 0 0 2 
7 0 1 0 0 0 0 0 0 0 0 
8 0 1 0 0 0 0 0 0 0 0 
9 0 1 0 89 50 0 0 0 0 3 
10 0 1 0 0 0 0 0 0 0 0 
11 0 1 0 25 15 0 0 0 0 1,5 
12 0 1 0 89 48 0 0 0 0 2 
13 0 1 0 31 15 0 0 0 0 0 
14 0 1 0 24 12 0 0 0 0 0 
15 0 1 0 70 31 0 0 0 0 0,5 
16 0 1 0 55 27 0 0 0 0 0 
17 0 1 0 78 38 0 0 0 0 0 
18 0 1 0 153 67 0 0 0 0 0 
19 0 1 0 75 15 0 0 0 0 5 
20 0 1 0 48 27 0 0 0 0 0 
21 0 1 0 46 23 0 0 0 0 0 
22 0 1 0 45 22 0 0 0 0 0 
23 0 1 0 25 12 0 0 0 0 0 
24 0 1 0 54 27 0 0 0 0 0 
           









Fig 14 Result for 24 bus system without STATCOM 
Next step is to get data from STATCOM. The following figure is showing the 
result from STATCOM. Based on this figure I can say that STATCOM is very 
















1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Load MW 5 2 6 2 5 7 0 0 8 0 2 8 3 2 7 5 7 1 7 4 4 4 2 5


























Bus Bus Voltage Angle Load Load Gen Gen Gen Gen Injected 
No Code magnitude Degree MW MVar MW MVar Qmin Qmax MVar 
1 1 1,025 0 108 22 0 0 0 0 4 
2 2 1,02 0 97 20 79 0 40 250 0 
3 2 1,025 0 180 37 20 0 40 150 0 
4 2 1,05 0 74 15 100 0 40 80 2 
5 2 1,045 0 71 14 300 0 40 160 5 
6 0 1 0 136 28 0 0 0 0 2 
7 0 1 0 125 25 0 0 0 0 0 
8 0 1 0 171 35 0 0 0 0 0 
9 0 1 0 175 36 0 0 0 0 3 
10 0 1 0 195 40 0 0 0 0 0 
11 0 1 0 25 15 0 0 0 0 1,5 
12 0 1 0 89 48 0 0 0 0 2 
13 0 1 0 265 54 0 0 0 0 0 
14 0 1 0 194 39 0 0 0 0 0 
15 0 1 0 317 64 0 0 0 0 0,5 
16 0 1 0 100 20 0 0 0 0 0 
17 0 1 0 78 38 0 0 0 0 0 
18 0 1 0 333 68 0 0 0 0 0 
19 0 1 0 181 37 0 0 0 0 5 
20 0 1 0 126 26 0 0 0 0 0 
21 0 1 0 46 23 0 0 0 0 0 
22 0 1 0 45 22 0 0 0 0 0 
23 0 1 0 25 12 0 0 0 0 0 
24 0 1 0 54 27 0 0 0 0 0 
           
           




Fig 15 Result for 24 bus system with STATCOM 
 
 





1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
LOAD MW 10 97 18 74 71 13 12 17 17 19 25 89 26 19 31 10 78 33 18 12 46 45 25 -2












  CHAPTER 5 CONCLUSION  
5.1Conclusion 
      In view of the technological advancements and the increasing market demand of 
electricity, deregulated power system seems to be the more promising’s method of power 
generation, transmission and distribution. As a conclusion of my proposal i would like to 
emphasize and underline advantages of my project. As i have discussed before, deregulated 
power system is promising method of power generation, transmission and distribution. And 
as i know my goals which are set according to users of my project, I will do my best to 
advance this technology. 
 
5.2 Recommendation 
The following is a list of recommendation on areas for improvement should further 
study be conducted in the area of Facts devices (STATCOM). 
1. Identify long term benefits of using STATCOM to manage congestion 
2. Produce a software which can calculate the STATCOM based on input parameters 
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